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Purpose: Although smoking is known to cause various symptoms in multiple sclerosis (MS) 
patients, there have been no reports regarding the relationship between smoking and cognitive 
impairment in MS. Studying the effects of cigarette smoking in MS patients is imperative as 
there is a high prevalence of cognitive impairment in MS patients. In this study we examined 
the potentially deleterious effects of heavy smoking on mentation of patients with MS. 
Patients and methods: MS patients receiving care at the Neurology Clinic at Bezmialem 
Vakif University, between the ages of 1 8-65 years who have at least graduated elementary school 
were included in the study. The Brief Repeatable Battery of Neuropsychological Tests (BRB-N) 
is a commonly used method to assess cognitive function in MS patients and was utilized in our 
study. Patients that smoked for at least 10 pack-years were considered heavy smokers. 
Results: All the patients were stratified into two groups: heavy smokers (n=20) and nonsmok- 
ers (n=24). For heavy smokers, their cognitive functioning was more impaired than that of 
nonsmokers (P=0.04, ^=4.227). For patients with cognitive impairment, 78.9% of the Paced 
Auditory Serial Addition Test and 63.2% of the Symbol Digit Modalities Test scores were 
found to be lower. 

Conclusion: Previous reports have suggested that smoking increases the frequency of relapse 
among individuals with relapsing-remitting MS and accelerates disease progression in patients 
with progressive MS. According to the results of our study, heavy smokers had increased cog- 
nitive impairment when compared to nonsmokers. Extensive studies are necessary to further 
elucidate the relationship between smoking and cognitive impairment in MS patients. 
Keywords: cigarette, BRB-N, nicotine, cognition, tobacco, mentation, memory 

Introduction 

Multiple sclerosis (MS) is an inflammatory disease characterized by damage to the 
myelin sheath surrounding neurons in the central nervous system (CNS). This damage 
may be progressive, or it may wax and wane with periods of relapse and remission. 
Motor, somatosensory, visual, cognitive, and psychiatric deficits may occur in MS 
patients depending on the location and size of the focal demyelination in the CNS. 
Cognitive impairments may manifest in the early phases of the clinical course of MS. ' 
In fact, the prevalence of cognitive deficits in MS patients ranges from 43%-70%. 2 

Cognitive impairments may prevent patients from being able to perform activi- 
ties of daily living. Studies have shown that patients with cognitive deficits tend to 
avoid social activities, have higher rates of unemployment, and have difficulties in 
performing routine household chores. As such, the quality of life for these patients 
becomes further compromised as the degree of cognitive impairment increases. 3 Due 
to the limited treatment options for MS, 4 it is critical to understand what agents may 
worsen clinical symptoms. 
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Cigarette smoking may trigger MS, 3 facilitate the 
transformation of a clinically isolated syndrome into MS, 6 
increase MS relapse frequency, 7 and promote progression of 
the disease. 8 However, smoking is also known to increase 
cognitive performance via its effects on nicotinic acetylcho- 
line receptors. 910 Even though it is understood that smoking 
affects the clinical course of MS, there are no studies that 
have investigated the relationship between smoking and 
cognitive impairment in MS patients. On the other hand, 
there are many studies evaluating MS patients, and the rela- 
tionship between cannabis use and cognitive impairment. 1112 
Cigarette smoking exerts both positive and negative effects 
on cognition, and due to the high prevalence of cognitive 
impairment in MS patients, it is imperative to elucidate the 
effects of smoking on cognition in these patients. In this study 
we examined the potentially deleterious effects of heavy 
smoking on mentation in patients with MS. 

Material and methods 

MS patients that presented to the Neurology Clinic at Bezmi- 
alem Vakif University (Istanbul, Turkey) were enrolled in 
the study once informed consent was obtained. A total of 72 
consecutive patients presenting to the clinic between Janu- 
ary 2013 and November 2013 met the inclusion criteria for 
this study and voluntarily agreed to participate it. Inclusion 
criteria were that the patients meet the Revised McDon- 
ald's Diagnostic Criteria (2010) for a diagnosis of MS, 13 
fall between 18-65 years old, and have at least graduated 
elementary school. Patients with cognitive impairment due 
to a condition other than MS; with a known psychiatric disor- 
der; taking medications with cognitive side effects including 
anticholinergics and benzodiazepines; or who had received 
glucocorticoid treatments within the last 30 days were 
excluded from the study. Subjective symptomatic depression 
was evaluated with the Beck Depression Inventory. 

Demographics and MS evaluation 

Each patient was assessed by a neurologist with expertise in 
treating MS. Demographics including age, sex, and educa- 
tion were recorded. Information on the type of MS, clinical 
course, and duration of disease were obtained from reviewing 
patient charts. The extent of physical disability was measured 
using the Expanded Disability Status Scale (EDSS). 

Smoking history 

Patients were asked about their smoking habits and the fre- 
quency of smoking. Smoking rate was calculated with the 
following formula: (number of cigarettes per day x years 



of smoking)/20. Patients that were currently smoking and 
smoked for at least 10 pack-years were considered heavy 
smokers. 14 

Evaluating cognition 

The Brief Repeatable Battery of Neuropsychological Tests 
(BRB-N) is a commonly utilized method for evaluating 
cognitive impairment in MS patients, with high sensitivity 
and specificity. 15 The BRB-N was administered by an expe- 
rienced neuropsychologist, and the presence of cognitive 
impairment and the specific areas of debility were detected 
with this test. The subtests of the BRB-N test include the 
Selective Reminding Test (SRT) and SRT-delayed recall 
(SRT-DR), Spatial Recall Test (SPART) and SPART- 
delayed recall (SPART-DR), Symbol Digit Modalities Test 
(SDMT), Paced Auditory Serial Addition Test (PASAT), 
and Word List Generation (WLG). Patients scoring in the 
fifth percentile or less in at least two of these tests were 
considered to have cognitive impairment according to the 
normative data from the general Turkish population. 16 

Statistical analysis 

All statistical analyses were completed using SPSS version 
20 (IBM Corp., Armonk, NY, USA). Data were compared 
to a normal distribution using the Kolmogorov-Smirnov test 
and histograms. Data that were normally distributed were 
analyzed with the Student's /-test, and data that were not 
normally distributed were analyzed with the Mann- Whitney 
[/-test. Ratios were compared with the x 2 test - Backward 
stepwise logistic regression was used to identify the factors 
that were statistically predictive of cognitive impairment. 
AP-value of <0.05 was considered statistically significant. 

Ethics board approval 

The study protocol was reviewed and approved by the Istan- 
bul Bezmialem Vakif University Ethics Committee. Informed 
consent documentation was collected from each patient after 
the research study was explained in full detail. 

Results 

Patient sample 

A total of 72 patients were enrolled in the study, their average 
age (mean + standard deviation) was 36.54+10.29 years, and 
3 6.1% were males. Out of all patients, 80.6% had relapsing-re- 
mitting MS, 13.9% had secondary progressive MS, and 5.6% 
had primary progressive MS. The mean duration of having an 
MS diagnosis was 6.57+6.13 years. On average, the patients 
received 8.74+3.68 years of schooling. The mean EDSS value 
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Table 1 Demographics and clinical characteristics 




IIUKCI j 111 — All 


1 IChT V 311 lUIVCI 3 II 1 — imV I 


l, z, or £ 


P-value 


Age, years 


34.92±i 2.5 


40. 1 0±7.2S 


t=l.7l5 


0.095 


Sex, male:female 


9: 1 5 


1 3:7 


^=3.30 


0.069 


Education duration, years 


8.83±3.6S 


8.50±3.77 


z=0.273 


0.785 


Duration of MS diagnosis, years 


S.88±6.3S 


6.40±5.88 


z=0.42 


0.675 


EDSS score, average (range) 


1.75 (1.0-7.0) 


1.5 (1.0-6.5) 


z=O.I7 


0.865 


Beck Depression Inventory score 


I6.04± 13.70 


1 7.05+1 1.57 


z=0.65 


0.516 


MS types 






Z 2 =l.38 


0.5 


— Relapsing-remitting, n 


18 


16 






- Secondary progressive, n 


5 


2 






— Primary progressive, n 


1 


2 







Note: Data are expressed as the mean + standard deviation unless otherwise specified. 
Abbreviations: MS, multiple sclerosis; EDSS, Expanded Disability Status Scale. 



was 1.5 and scores ranged from 1-7.5. It was determined that 
41.7% were smokers, andofthese patients, 53.3% were male. 
Out of the initial group of 72 patients, 28 patients did not 
meet the criteria for heavy cigarette smoking and therefore, 
were not included in the statistical analysis. Eighteen of the 
excluded patients were former smokers, while ten patients 
were excluded due as a result of tobacco consumption of less 
than 10 pack-years. Among the patients that were included in 
the study, the heavy smoking group consisted of 20 patients 
and the nonsmoker group included 24 patients. 

Comparing heavy smokers 
with nonsmokers 

Demographics and MS characteristics are summarized for 
heavy smokers (n=20) and nonsmokers (n=24) in Table 1 . 
The cognitive scores for nonsmokers and heavy smokers 
are compared in Table 2. Cognitive impairment was identi- 
fied in seven out of 24 nonsmokers (29.2%) and in 12 out 
of 20 heavy smokers (60%). Despite the lack of statistically 
significant differences between these groups in terms of 
subtest scoring, cognitive impairment was significantly 
greater (P=0.04) in heavy smokers. In patients with cognitive 



impairment, the PASAT (78.9%) and SDMT (63.2%) test 
results were shown to be the most abnormal. 

A logistic regression model was used to evaluate age, sex, 
education level, disease duration, EDSS score, and smoking 
status as independent predictors of cognitive impairment. 
The results demonstrate that EDSS and smoking status 
are independently associated with cognitive impairment in 
patients with MS (Table 3). 

Discussion 

Previous studies have identified both the positive 1718 and 
negative effects 19 20 of smoking on the cognitive function. 
We demonstrated that cognitive impairment is significantly 
higher in MS patients that are heavy smokers. Our data are 
supported by other studies that have shown that smoking 
worsens MS symptoms. 21 - 22 However, this study is the first to 
report the effects of smoking on cognition in MS patients. 

In the 72 MS patients that participated in this study, it 
was found that 41.7% smoked, which is higher than the 
general Turkish population at 27% according to the Turkish 
Statistical Institute (TurkStat). 23 Our results contradict those 
of Friend et al 14 as they reported lower smoking rates in the 



Table 2 Cognitive score comparisons between heavy smokers and nonsmokers 




Nonsmokers (n=24) 


Heavy smoker (n=20) 


t. z, orz' 


P-value 


PASAT 


40.04±35.27 


33.40±32.80 


z=0.562 


0.574 


SRT 


45. 17± 10.32 


45.25±8.38 


t=0.029 


0.977 


SRT-DR 


7.33±2.58 


6.60±3.36 


t=0.8l8 


0.418 


SPART 


I6.I3±5.I5 


14.50+6.7 1 


t=0.909 


0.369 


SPART-DR 


5.25±l.75 


4.75±2.34 


t=0.8l 1 


0.422 


SDMT 


3 1 .58±l 5.87 


28.95± 10.54 


z=0.602 


0.547 


WLG 


I7.92±3.74 


I9.05±5.39 


t=0.820 


0.417 


Cognitive impairment (%) 


29.2 


60.0 


^=4.227 


0.04 



Notes: Data are expressed as the mean + standard deviation unless otherwise specified. Patients scoring in the fifth percentile or less in at least two of these tests were 
considered to have cognitive impairment according to the normative data from the general Turkish population. Bold indicates a statistically significant P-value. 
Abbreviations: PASAT, Paced Auditory Serial Addition Test; SRT, Selective Reminding Test; SRT-DR, SRT-delayed recall; SPART, Spatial Recall Test; SPART-DR, 
SPART-delayed recall; SDMT, Symbol Digit Modalities Test; WLG, word list generation. 
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Table 3 Results of the logistic regression model for predictors of cognitive impairment 

f} (SE) P-value 95% CI for odds ratio 

Lower Odds ratio Upper 

Constant -1.48 (0.62) 

EDSS 0.47 (0.19) 0.016 1.091 1.594 2.328 

Smoking status 0.84 (0.37) 0.023 1.124 2.327 4.816 

(heavy smoking) 

Notes: R 2 =0. 1 9 (Hosmer-Lemeshow test), 0.23 (Cox and Snell), 0.30 (Nagelkerke). Model J 2 (2)=l 1.265, P=0.004. 
Abbreviations: CI, confidence interval; EDSS, Expanded Disability Status Scale; SE, standard error. 



sample of MS patients that they studied. The high number of 
smokers in our study may be due to the small patient sample 
size and insufficient public health education regarding smok- 
ing in that area of the country. 

The prevalence of cognitive impairment ranges between 
43%-70% in MS patients according to a previous study, 
and these deficits in cognition impact quality of life and 
employability. 2 Memory is most often affected and the 
quantity of patients that experience memory and learning 
problems are between 40%-60%. 24 In our study, there were 
no statistically significant differences between the battery 
of cognitive subtests. Yet the testing demonstrated that the 
greatest deficits were in the PASAT and SDMT, which 
demonstrated cognitive impairments in 78.9% and 63.2% 
of the patients, respectively. These two tests are specifically 
utilized to assess working memory and how well individu- 
als process information. Our cognitive testing results are 
consistent with previous literature. 25 The logistic regression 
analysis demonstrated that smoking status and EDSS scores 
are statistically significant predictors of cognitive impair- 
ment. There was no significant difference in EDSS scores 
between the smokers and nonsmokers. 

There was a sex difference between heavy smokers 
and nonsmokers, but this discrepancy was not statistically 
significant. This difference might be due to fact that there is 
a higher proportion of male smokers as opposed to female 
smokers in the general population (approximately 3:1), and 
this is likely reflected in our MS patient sample. 23 Addition- 
ally, previous studies have reported that male MS patients 
have greater cognitive impairments than females, 26 but in a 
recent extensive study, it was found that sex is not associated 
with cognitive impairment. 27 

According to our results, cognitive impairment was found 
to be higher in heavy smokers as compared to nonsmokers 
among MS patients. The agonistic effects of nicotine on 
cholinergic receptors are thought to contribute to cholinergic 
dysfunction observed in patients with cognitive deficits. 10 
Moreover, the risk of developing cognitive impairments 
increases in smokers in cohort studies. In a meta-analysis of 



19 prospective studies, Anstey et al 28 reported that the risk 
of developing dementia in smokers was 70% higher than 
that of nonsmokers. 

Even though it has been reported that nicotine has 
positive effects on cognition, the adverse effects of chronic 
smoking on cognition might be related to the high propor- 
tion of substances in the tar besides nicotine. Inflamma- 
tory changes induced by tar substances on cerebral artery 
endothelial surfaces in addition to the chronic exposure to 
carbon monoxide may lead to detrimental effects in CNS 
neurons over the long-term. In fact, in Scandinavian coun- 
tries where moist snuff use is common, the risk of MS was 
higher in smokers as opposed to moist snuff users. Blood 
nicotine levels in moist snuff users are similar or higher in 
smokers, and their higher nicotine levels reportedly decrease 
MS risk. 29 - 30 This suggests that cerebral tissue inflammation 
may arise from tar substances in cigarettes. If pure nico- 
tine and cigarette smoke were compared in terms of their 
effects to cause cognitive impairments in an experimental 
setting, and nicotine is found to be beneficial for cognition, 
then nicotine may be considered for treating MS patients 
with cognitive impairments in the form of a patch or gum. 
Moreover, MS patients would be instructed to avoid smok- 
ing in order to reduce exposure to tar substances. There are 
significant limitations to the present study including the 
small sample size, the lack of a healthy control group, and 
reliance on patient self-reports concerning the details of 
tobacco consumption. 

Conclusion 

Our study demonstrated that heavy cigarette smoking nega- 
tively affected cognition in MS patients. In the future, we 
recommend that further studies are performed comparing 
cigarette smokers with moist snuff users in order to deter- 
mine whether chronic nicotine exposure and/or cigarette tar 
substances contribute to cognitive impairment in MS patients. 
Nevertheless, smoking is a risk factor for the development of 
MS and cognitive deficits, and it is imperative that clinicians 
increase patient awareness regarding these risks. 
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